OBJECTIVES The aim of this study was to determine the prevalence of right intraventricular dyssynchrony, its determinants and prognostic impact in idiopathic, heritable, and anorexigen-induced pulmonary arterial hypertension.
patient functional capacity and survival (3) . Although RV mechanical dyssynchrony (RVD) has recently been described in pulmonary hypertension (4-6), currently we do not have evidence on its prognostic relevance.
To address this issue, RV mechanics should be evaluated taking into account several methodological considerations such as a larger and more homogeneous PAH population than previous studies, absence of confounding factors, adequate management and follow-up of patients, and application of new echocardiographic techniques for mechanical delay evaluation.
Accordingly, the aims of this study were to determine the prevalence of RVD in a large cohort of idiopathic, heritable, and anorexigen-induced pulmonary arterial hypertension (IPAH, HPAH, APAH), therapy-naïve patients, to better elucidate the factors influencing RVD, to evaluate the prognostic impact of RVD and its evolution on long-term follow-up. Baseline evaluation included medical history, physical examination, a nonencouraged 6-min walk test (6MWT), right heart catheterization (RHC), and echocardiographic assessment. Thereafter, patients started a specific PAH treatment, according to European guidelines (7) . All patients were prospectively followed-up for 12 
42412).
RIGHT HEART CATHETERIZATION. Hemodynamic evaluation was made with standard technique, as previously described (10) . Pulsed-wave tissue Doppler imaging (PW-TDI) was used for the following measures: isovolumic contraction velocity (S1), isovolumic acceleration (IVA), and peak systolic velocity (S2). All reported measurements are the averages derived from 3 consecutive cardiac cycles. To quantify right intraventricular dyssynchrony, we considered longitudinal strain and calculated the standard deviation of the times to peak-systolic strain for the 4 mid-basal RV segments corrected to the R-R interval between 2 QRS complexes, according to the Bazett's formula (13) , and called RV-SD4. Forty healthy controls, matched for age, sex, and body mass index (BMI), were included to define the normal range of RV-SD4.
To define intraobserver and interobserver variability, 2D speckle tracking echocardiography (STE) measurements were repeated for all patients by the same observer (B.R.) and by a second independent observer (R.M.). 
RESULTS
Baseline characteristics of the 80 PAH patients are summarized in Table 1 . The majority of patients was female, WHO class III, with severe PAH and impaired effort capacity.
As expected, PAH patients presented impaired morphologic and systolic function echocardiographic parameters compared with control subjects ( Table 2) .
VARIABILITY OF RV DYSSYNCHRONY MODELS IN
NORMAL SUBJECTS BY STE ANALYSIS. Analyzing the time to peak strain of the 6 RV segments among normal subjects, we observed a high variability of the apical segments of both the right ventricular free wall RVD determined by RV-SD4 was 27 AE 23 ms in the patients group and 8 AE 5 ms in the control group.
Using the upper 95% limit of normal (mean þ 2SD) of the control group, we defined a cutoff value of 18 ms as criterion for RVD. According to this criterion, RVD was present in 48 patients (60%). An example of a normal subject (A) compared with a patient with significant RVD (B) is shown in Figure 2 . As shown in Values are mean AE SD, median (interquartile range), or n.
2DS basal RVFW ¼ 2-dimensional strain of the basal segment of the RVFW by Speckle-Tracking Echocardiography; 2DS mid RVFW ¼ 2-dimensional strain of the mid segment of the RVFW by Speckle-Tracking Echocardiography; IVA ¼ isovolumic acceleration; LVEId ¼ left ventricular end-diastolic eccentricity index; LVEIs ¼ left ventricular end-systolic eccentricity index; PAH ¼ pulmonary arterial hypertension; pTDI RV IVA ¼ right ventricular isovolumic acceleration; pTDI S1 ¼ pulsed tissue Doppler peak isovolumic velocity at the basal RVFW segment; pTDI S2 ¼ pulsed tissue Doppler peak systolic velocity at the basal RVFW segment; PVC ¼ pulmonary valve closure; RA ¼ right atrium area; RV ¼ right ventricular; RVEDA ¼ right ventricular end-diastolic area; RVESA ¼ right ventricular end-systolic area; RVFAC ¼ right ventricular fractional area change; RVFW ¼ right ventricular free wall; RV-SD4 ¼ standard deviation of the times to peak-systolic strain for the 4 mid-basal RV segments; TAPSE ¼ tricuspid annular plane systolic excursion. An RV-SD4 of 23 ms showed 92% sensitivity, 63% specificity, and a high negative predictive value of 95%
(positive predictive value 57%) for adverse outcomes.
The 6-month and 1-year event-free survival estimates were 88% and 85%, respectively, for patients with an RV-SD4 <23 ms compared with 62% and 45%, respectively, for patients with a RV-SD4 $23 ms Values are mean AE SD, n, median (interquartile range), or n (%).
CW ¼ clinical worsening; other abbreviations as in Tables 1 and 2 .
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analysis by STE has been found to reflect the systolic myocardial contractile delay more accurately than using the wall velocities, as with TDI (11).
The higher variability of the time-to-peak strain of the apical segments found in normal subjects can be explained by several technical limitations (11, 17, 18) : image quality related to near-field artifacts; inadequate frame rate due to the wide sector angle that is necessary to visualize the entire remodeled RV apex; the assumption that morphologic details can be tracked from one frame to the next, which may not be true for the RV apical segments where out-of-plane motion occurs; STE is not completely angle independent, presenting worse resolution for the remodeled RV apex. For these technical reasons we have excluded RV apical segments for RVD evaluation as the results appeared to be inconsistent. 
Event-free Survival

RV SD4 < 23 ms
Abbreviations as in Figure 1 . RV DYSSYNCHRONY EVOLUTION. Our findings show for the first time that RVD in PAH can be reversed by a remarkable decrease in PVR. As can be seen in Follow-up data confirm the important role of PVR and RV size on determining RVD, emphasizing how RV wall stress could be the common denominator affecting RV regional differences in shortening time.
STUDY LIMITATIONS. Our study cohort consisted of patients referred to a single tertiary center, which roberto.badagliacca@uniroma1.it.
